Abstract
Methods
A systematic search of published articles including systematic and narrative reviews that reported on integrated CVD-HIV care was conducted, using multiple search engines including PubMed/Medline, Global Health, and Web of Science. We examined the articles for evidence of feasibility reporting. Adopting the definition of Proctor and colleagues (2011), feasibility was defined as the extent to which an intervention was plausible in a given agency or setting. Evidence from the articles was synthesized by level of integration, the chronic care continuum, and stages of intervention development. a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
Introduction
Low-and middle-income countries (LMICs) continue to experience a significant double burden of chronic/non-communicable diseases (NCDs) and infectious diseases [1] . In order to address this public health challenge, several global and national efforts now embrace the integration of care for NCDs and chronic conditions, with infectious origins as a pragmatic strategy [1] . A prominent integrated model of care is that of cardiovascular diseases (CVD) and HIV/AIDs [1] . This model of integrated care was preceded by the aggressive global scale-up of care for HIV, especially in LMICs, which have the highest prevalence of HIV [1] . This scale-up for ART makes it possible for people living with HIV (PLHIV) to live longer, but also to develop comorbid chronic conditions including CVD and those that are CVD-related [1] .
In line with implementation science frameworks, integrated CVD and HIV (CVD-HIV) evidence-based interventions (EBIs) should strive for maximum reach, efficacy, adoption, implementation, and maintenance, with an eventual goal of translating research into practice [2, 3] . This goal can only be attained if these interventions are feasible, within the settings where they are implemented [4] . Recent reviews of integrated CVD-HIV care in LMICs have focused on a combination of mostly clinical outcomes (CD4 counts, blood pressure, and HbA1c) and quality of care outcomes (improved quality of care) with little focus on implementation outcomes, particularly feasibility [4, 5, 6] .
Implementation outcomes are important precursors to the long-term sustainability of EBIs [4] . To ensure the success of an integrated care design in reducing the chronic disease burden among individuals in LMICs, a critical analysis of early implementation stage outcomes for integrated CVD-HIV care is essential. Implementation outcomes occur in four early stages: acceptability, adoption, appropriateness, and feasibility [4] . According to Proctor, E. et al., acceptability "is the perception among implementation stakeholders that a given treatment, service, practice, or innovation is agreeable, palatable, or satisfactory" [4] . Adoption "is defined as the intention, initial decision, or action to try or employ an innovation or evidence-based practice" [4] . Appropriateness "is the perceived fit, relevance, or compatibility of the innovation or evidence-based practice for a given practice setting, provider, or consumer; and/or perceived fit of the innovation to address a particular issue or problem" [4] . Feasibility "is the extent to which a new treatment or innovation can be successfully used or carried out within a given agency or setting" [4] . Other terminologies for feasibility include actual fit or utility, suitability for everyday use and practicability [4] . When purposively measured, these four implementation science outcomes are most salient during the early stages of the implementation process. Assessing the acceptability of an intervention by engaging stakeholders who are knowledgeable of the context is likely to facilitate the adoption of that intervention. Evaluating the appropriateness of the intervention for dealing with a problem and/or the setting, where the intervention is being introduced is also critical [4] . Feasibility further captures the successful or unsuccessful interrelationships between adoption, acceptability, and appropriateness [4] . Despite the importance of feasibility as an outcome for integrated CVD-HIV care EBIs, there is little data on rigorous assessment of this outcome in existing studies [5, 6] .
Feasibility is integral to developing, evaluating and implementing complex EBIs such as integrated CVD-HIV care [7] . According to the Medical Research Council (MRC), complex interventions should be advanced in these four phases: development, feasibility and piloting, evaluation, and implementation [7] . Feasibility is assessed in the pilot phase and allows researchers/policy makers to anticipate early on, any uncertainty that may interfere with the eventual scale-up of the EBI [7, 8] .
Additionally, implementation researchers are faced with the ongoing challenge of producing consistent taxonomy, definitions and measurements for monitoring implementation outcomes [4] . We used a scoping review to fully assess the feasibility of integrated HIV and CVD care in LMICs from the dearth of existing studies, given that a conventional systematic review approach would limit the scope of data to be retrieved based on its strict allowance of only RCTs [9] . This scoping review sought to answer the following question: Are multilevel integrated care of CVD and HIV conditions feasible in LMICs? The objectives of this scoping review on the feasibility of integrating CVD and HIV care in LMICs are to:
• Present the concept, taxonomy, and alignment of feasibility as reported in integrated CVD-HIV care studies in LMICs with established definitions in implementation science and intervention evaluation.
• Elucidate specific metrics used by researchers to assess the feasibility of integrated CVD-HIV care interventions in LMICs as a precursor to standardizing feasibility metrics, unique to implementation climate in LMICs.
Methods

Inclusion criteria
We included studies that reported on any component of an intervention used to integrate CVD management with HIV care, via quantitative, qualitative or mixed methods. According to the World Health Organization (WHO), integrated service delivery is "the organization and management of health services so that people get the care they need, when they need it, in ways that are user-friendly, achieve the desired results and provide value for money" [10] . For the purposes of this scoping review, integrated care for HIV and NCDs is defined as the strategic bringing together and operationalizing of services, delivery points, technologies, modified processes and management decisions occurring at different levels of service delivery, to manage HIV and CVD risk factors for patients with or without HIV/AIDS [10] . Integrated HIV and CVD care would be at facilities that originally offered only HIV services (Model 1), or only CVD services (Model 2), or neither HIV or CVD services (Model 3) [6] , regardless of the type of care delivery setting (e.g. HIV clinics, primary care practices or community-based settings) [5, 6] . We focused on the most common CVD risk factors in patients with HIV and these include diabetes, hypertension, dyslipidemia (all of which are associated with metabolic syndrome-a common side effect of anti-retroviral drugs) [11] . Similarly, stroke was also included given its high association with hypertension [12] . We included studies that met the aforementioned criteria regardless of study design or whether or not the authors reported outcome measures. Studies were restricted to those reported in or translated to English. There were no date restrictions for the search. Included studies were restricted to those conducted in LMICs. LMICs was defined based on the World Bank classification of countries with Gross National Income per capita less than $995 to $12,055 in 2017 [13] . During the full-text review, feasibility was ascertained in selected articles if one or more of the following criteria were met: 1) a specific indication that a feasibility study was conducted; 2) descriptions of interventions with adjectives such as 'feasible' or terms synonymous with feasibility (actual fit or utility, suitability for everyday use and practicability); [4, 7] and 3) reporting one or more of the following early-stage implementation outcomes: acceptability, appropriateness, and adoption that contributes to the feasibility of EBIs [4] .
Exclusion criteria
Systematic reviews and literature reviews were excluded but were referenced in the background and discussion sections of this review. We excluded studies and reports that presented plans and recommendations for integrating CVD and HIV care without reporting on the actual implementation of these recommendations.
Information sources
We conducted searches in the following databases: PubMed/Medline, Global Health, PubMed Central (PMC), Embase, Web of Science, Scientific Electronic Library Online (SCIELO), Food Science and Technology Abstracts (FSTA), Information Services for Physics, Engineering and Computing (INSPEC). Grey literature searches were conducted in Google Scholar, ResearchGate, the New York Academy of Medicine (New York AM) Grey Literature database, and in recently published systematic reviews on integrated chronic disease care.
Search strategy
The Arksey and O'Malley framework for conducting scoping reviews guided the search for, identification of data; data extraction and data synthesis from selected studies [9] (see S1 Table) . An information specialist consulted on the search strategy design for different databases and sources. Databases were searched from their date of inception to April 13, 2018 . Grey literature searches were concluded on May 18, 2018. The search strategy included the following terms and medical subject headings: healthcare settings, implementation science outcomes, hypertension, HIV infections and LMICs (see S2 Table) . The Boolean logic strategy using a variation of keywords with the (AND/OR logic) was applied across all the databases.
Study selection
Two authors (TO and LL) separately reviewed and assessed articles by article title or title and abstract, to determine articles met the inclusion criteria. A full-text review was then carried out to confirm that all articles selected met the inclusion criteria. Ambiguous abstracts were also evaluated via a full text review for eligibility. A third reviewer (SN) resolved disagreements between reviewers on an article's eligibility (see S1 Text).
Risk of bias assessment
The two reviewers assessed risk of bias independently. The Cochrane Risk of Bias Tool was used to assess risk of bias for RCTs [14] . This tool assessed each item of bias either as low, high or unclear risk of bias. The Newcastle-Ottawa Quality Assessment Scale was used to assess risk of selection bias, information bias and bias of confounding in non-RCT, observational studies [15] . Each item in this tool had multiple options, the lowest risk of bias being the option(s) with a star. Based on the guidance provided for determining risk of bias by both assessment tools, we assessed risk of bias in these three categories for all the studies: low risk of bias, high risk of bias and unclear risk of bias. Low risk of bias indicated that the item on the risk of bias assessment tool was described and well accounted for in the study, using the tool's specifications for determination. High risk of bias indicated the item of bias was not sufficiently described and tackled in the study. Unclear risk of bias indicated that there was no information provided in the studies to determine if the specific item of bias was addressed in the studies.
Data collection process
The two reviewers (TO and LL) used a standardized Google form to extract study characteristics and results from the full text article review. TO and LL resolved data discrepancies by consensus or by a third reviewer (SN). Final articles were chosen by consensus.
Data items and synthesis
The following data items were collected on the selected studies: location of intervention/programming, duration of intervention or programming, type of healthcare setting, number of facilities/sites receiving the intervention or programming, if the location was rural, urban, peri-urban or both, the model of integration used, the target recipients of the intervention or programming, the types of staff used, if the staff were new, existing or a hybrid of both, context on reported feasibility of intervention, clinical outcomes, implementation outcomes and reviewers' (TO and LL) notes from each article.
Due to the heterogeneity in the types of integrated care interventions, study design and reported outcomes, we conducted a qualitative synthesis of the scoping review, reporting data on feasibility as observed in selected studies.
Selected studies were reported by the: i) level of integration ii) stage of intervention development, iii) entry-point of intervention along the chronic disease continuum.
The three levels of integration were: micro-, meso-, and macro-levels of integrations [16] . Micro-level integration comprises of integrated CVD-HIV care interventions that are individual-level and patient-focused [16] . An example of micro-level integration of care would be coordinated care between professionals in charge of care for an individual patient, to ensure there is no break in communication and care continuum in the individual's experience with the health system [16] . Meso-level integration represents delivery of integrated CVD-HIV care to a specific group of people with similar disease conditions [16] . An example of meso-level integration of care would be integrated care for the elderly population or people with specific, long-term conditions, as these populations have a higher use of care services that are most optimal when coordinated [16] . Macro-level integration represents the delivery of integrated CVD-HIV care on a larger, systems-level scale to a broader catchment of the population [16] . An example of a macro-level integration of care is Kaiser Permanente, one of the largest nonprofit health maintenance organizations in the United States, which integrates health plan, providers who provide outpatient care, and hospitals or facilities that deliver inpatient care. Kaiser provides care for about 12.2 million people [16, 17] . At any of these levels, the integration could be clinical (shared guidelines and protocols for several clinical care processes) or service-oriented (multidisciplinary delivery of clinical services) [16] . Clinical integration involves fusing care provided by different providers and professionals for patients into a single process, navigated with use of shared guidelines and protocols [16] . Service integration occurs when different clinical services provided are integrated at an organizational level (hospital level or care-group level), aided with the use of multidisciplinary professional teams [16] .
This review adopted the chronic disease continuum developed in the North West Adelaide Health Study, a large population-based cohort study investigating NCDs prevalence and related risk factors along the continuum [18] . Stages of chronic conditions were classified into those at risk of NCDs, those with a previously undiagnosed NCD, and those previously diagnosed with an NCD. The corresponding type of action for each of these stages in sequential order is: i) prevention, ii) delay/early detection, iii) prevention/ delay/early detection/ care [18] . Using the referent chronic disease continuum in this review, screening aligns with taking prevention and delay/early detection actions; referral/linkage to care aligns with taking delay/ early detection actions and determination of care, if needed; and treatment of diagnosed conditions aligns with the taking prevention/delay or early detection/care actions.
The MRC recommended stages of intervention development used were: intervention design/development stage, the evaluation and implementation stage, and the intervention scale-up stage [7] (See S1 Protocol).
Results
A total of 1291 records were retrieved and 169 duplicate records were removed. Reviewers screened 1122 records by title and abstract, based on the inclusion criteria. Forty-nine articles met these inclusion criteria and were selected for full-text review. After full-text review, 28 of these articles were excluded. Data was extracted from a final selection of 18 papers and three conference abstracts that met the eligibility criteria for the review ( See Fig 1) .
Eighteen papers and three abstracts reported feasible integrated care interventions for 20 studies in 13 LMICs (See Table 1 ). Most of the selected studies were conducted in 11 countries in Sub-Saharan Africa (SSA) (n = 18). One study was conducted in Southeast Asia and another one in South America. Study duration ranged from one month to seven years. Both PLHIV and HIV-negative populations were targeted in 16 studies, while four studies only targeted PLHIV. Using models of integration as defined by Duffy, M. et al [6] , 12 studies integrated CVD services into HIV services (Model 1 integration), two studies integrated HIV services into CVD services (Model 2 integration) and six studies integrated CVD and HIV services simultaneously (Model 3 integration). Additionally, only 5% of selected studies (n = 1) was a randomized controlled trial (RCT)-a pragmatic cluster RCT [19] . Most studies were either descriptive, cross sectional studies (n = 8) [20, 21, 22, 23, 24, 25, 26, 27] or observational cohort studies (n = 6) [21, 28, 29, 30, 31] (See S1 Dataset)
The Cochrane risk-of-bias tool was used to assess the one RCT (See Fig 2) . Random sequence generation, allocation concealment, incomplete outcome data and selective reporting were considered collectively as selection bias, which yielded a low risk of bias. There was a high risk of information bias due to inadequate blinding throughout the study. The authors of this study were unable to blind at the clinic level due to the nature of the intervention [19] .
The remaining non-RCT studies were assessed using the Newcastle-Ottawa Quality Assessment Scale and given a rating of high, low or unclear in terms of selection, information and confounding bias (See Fig 3) . Selection bias was assessed based on representativeness of the exposed cohort, selection of the non-exposed cohort, length of follow-up time and adequacy of follow-up. Due to the distribution of studies across these categories, the risk of selection bias was unclear. Information bias was determined based on ascertainment of exposure and outcome; across the studies, there was a low risk of information bias. Based on the demonstration that the outcome of interest was not present at the start of the study and the comparability of cohorts in each study, the risk of bias due to confounding was unclear across the studies.
Of the 20 studies that were included after full-text review, only four studies conducted feasibility studies of an integrated CVD and HIV care intervention (See Table 2 ). Most of the studies (n = 16) reported on feasibility of integrated CVD-HIV care interventions in summary text with statements such as: the intervention 'is feasible. . .' [19, 20, 21, 22] '. . .can be utilized' [28] , and ' . . . can increase healthcare access' [32] (See Table 3 ). Outcomes: Differences in likelihood of screening positive for hypertension or diabetes between home based screening and community based screening. Findings: Participants in community based screening were twice as likely to screen positive for hypertension compared to home based screening (OR = 1.93, p = 0.06). Participants in home based screening were 3.5 times more likely to screen positive for a random blood glucose level �7mmol/L, compared to community based screening (OR = 3.51, p<0.01). Low rate of follow-up for both community and home based screening, with no difference in rates between the two strategies.
(Continued ) ) and blood pressure (<140/ 90mmHg). Emerging themes from patient and provider narratives on ICDM model. Findings: Pilot facilities were 6% more likely to control CD4 counts and 1% more likely to control BP than comparison facilities Integration led to de-stigmatization for PLHIV Medication and equipment shortages limited treatment benefits for hypertension patients � PLHIV-People living with HIV † Model 1: NCD services are integrated into centers originally providing HIV care, programs started as HIV clinics and evolved to integrate screening, care and/or treatment of NCDs [6] .
Model 2: HIV care is integrated into existing NCD care at primary healthcare delivery sites where patients receiving NCD care were also provided HIV testing and counseling and if screening is positive, HIV care and treatment [6] . Model 3: NCD and HIV care and treatment are simultaneously introduced and during outreach or at the same clinic site [6] .
https://doi.org/10.1371/journal.pone.0212296.t001
Feasible integration of CVD and HIV care in LMICs: A scoping review
There was an overlap in terminologies (practicability and utility) used for feasibility between existing definitions of feasibility and those of selected studies [4] . Selected studies also reflected a trend of using terms for appropriateness ('locally relevant'), acceptability ('practical and acceptable), and adoption (the mere act of piloting interventions) to complement a conclusion that an intervention is feasible. Terminologies such as 'demonstrated benefits', 'complementary and efficient' align with the definition of feasibility as the extent to which an intervention can be used or implemented successfully in a specific setting (See Table 3 ) [4] .
Four studies were conducted as feasibility studies; using specific metrics to assess feasibility (See Table 2 ). Some of the metrics used in these four studies overlap with the metrics recommended in publications such as acceptability, participant recruitment and retention rates (elected leaders' acceptance and participation in training activities), compliance, and retention Feasible integration of CVD and HIV care in LMICs: A scoping review rates (likelihood of follow-up on a referral after positive case detection for diabetes or hypertension) [3, 4, 7, 8] .
Outcome measures that contributed to a feasibility narrative across the studies include: population penetrance/participant recruitment rate, case detection, health knowledge, referral rates, new enrollment in care, and lost-to-follow up (LTFU) rates/participant retention rate/ defaulter tracing (See Table 4 ). Predictors of feasibility were reported by several outcomes such as availability of resources and equipment, availability of staff, and reduced stigma (See Table 4 ). Of these outcome measures, case detection was the most frequently used (n = 13). Integrated interventions fell into three types: screening, referrals and linkage to care, and treatment. Multiple studies (n = 13) had more than one type of integrated intervention component.
Reporting of feasibility catered to the settings and/or scale-up of the interventions, helping identify unique facilitators and barriers to implementing integrated CVD-HIV care interventions (screening, referral/linkage to care and treatment) in LMIC settings. Barriers include lack of tracking of linkage to care after cases are referred (setting and scale-up specific) [22, 24, 29] loss to follow-up (setting-specific) [20] , lacking time to make clinic visits during the weekdays (setting-specific) [30] , using non-standard BP cutoffs (setting-specific) [33] , insufficient funding (setting and scale-up specific) [28] , cumbersome curriculum for training (scale-up specific) [19] , and challenges in staffing and equipment (setting-specific) [37] .
Facilitators include use of existing trained staff, training of healthcare personnel, use of local leaders (setting and scale-up specific) [22, 26, 28] , free-of -charge care (setting-specific) [30] , continuous medical supervision (setting-specific) [31] , broad acceptability of intervention components (setting-specific) [29] , having patient feedback (setting-specific) [29] , enthusiastic buy-in, adoption, and acceptability from policy makers (scale-up specific) [19] . Table 2 . Specific feasibility metrics used in selected studies.
Studies
Feasibility metrics used
Evaluating the feasibility and uptake of a community-led HIV testing and multi-disease health campaign in rural Uganda (Kabami, et al., 2017) • Elected leader acceptance & participation in training for pre-campaign and campaign activities;
• Implementation of pre-campaign community mobilization activities;
• Implementation of pre-campaign census enumeration;
• Implementation of health screening services, including point-of-care (POC) HIV, hypertension, diabetes and malaria screening;
• Participation in community-led health campaign (CLHC) health services;
• Measurement of uptake of health screening services, and community testing coverage.
Screening for diabetes and hypertension in a rural low income setting in western Kenya utilizing home-based and community-based strategies (Pastakia, et al., 2013) • Measuring and comparing the proportion and likelihood of positive case detections for diabetes and hypertension in home-based and community-based screening;
• Measuring and comparing the likelihood of follow-up after referral to manage a positive case detection of the two integrated screening strategies.
Strengthening Feasible integration of CVD and HIV care in LMICs: A scoping review The intervention 'is feasible. . .'
Adaptation of a general primary care package for HIVinfected adults to an HIV centre setting in Gaborone, Botswana. (Davis et al. 2013 ) [28] The intervention 'can be utilized' This intervention 'is practical and acceptable'
A time-motion study of cardiovascular disease risk factor screening integrated into HIV clinic visits in Swaziland. (Palma et al. 2018 ) [29] This intervention 'has encouraging results'
Adaptation of a general primary care package for HIVinfected adults to an HIV centre setting in Gaborone, Botswana. (Davis et al. 2013 ) [28] This intervention 'is locally relevant'
Linkage to HIV, TB and non-communicable disease care from a mobile testing unit in Cape Town, South Africa. (Govindasamy et al. 2013 ) [30] This intervention 'can be used effectively'
Evaluating the feasibility and uptake of a community-led HIV testing and multi-disease health campaign in rural Uganda. (Kabami et al. 2017 ) [24] Kotwani P, Kwarisiima D, Clark TD, Kabami J, Geng EH, Jain V, et al. Epidemiology and awareness of hypertension in a rural Ugandan community: a cross-sectional study. (Kotwani et al, 2013) [40] This intervention 'is complementary and efficient'
HIV with non-communicable diseases in primary care in Kibera, Nairobi, Kenya: characteristics and outcomes 2010-2013. ) [20] This intervention 'is likely to benefit from NCD screening and treatment within similar HIV programs'
Quality of integrated chronic disease care in rural South Africa: user and provider perspectives. Health policy and planning. ) [39] This intervention 'demonstrated benefits'
Leveraging HIV platforms to work toward comprehensive primary care in rural Malawi: the Integrated Chronic Care Clinic. (Wroe et al. 2015 ) [26] This intervention 'improved accessibility'
Quality of integrated chronic disease care in rural South Africa: user and provider perspectives. ) [39] This intervention 'is yet to be achieved'
In this review, 18 studies reported meso-level integrated CVD and HIV interventions, seven of which were service integrations and 11 were clinical integrations; one study reported micro-level, clinically integrated intervention [23] and one study reported macro-level, clinically integrated CVD-HIV care intervention [28] (See Table 5 ).
Most studies were in the evaluation and implementation stage of development (n = 18), while the scale-up stage of development had the least number of studies (n = 3). Studies (n = 2) overlapped in more than one stage of intervention, which confirms the iterative quality to stages of intervention development (See Table 6 ) [7] . Of the feasible studies, 16 studies had a multi-disease screening integrated component, 11 studies featured an integrated component with referral/linkage to care and 14 studies featured an integrated treatment component. By disease condition, hypertension had the most studies with an integrated multi-disease screening component (n = 16) and referral/linkage component (n = 10) while HIV encompassed the most studies with a treatment component in the intervention (n = 14). Diabetes had comparable number of studies as HIV with a screening component (n = 14) but had the lowest number of studies with a referral/linkage component (n = 9) and treatment component (n = 9) (See Table 6 ).
Discussion
This scoping review is the first to collate reporting of the feasibility of integrated CVD-HIV care interventions in LMICs. Unlike recent literature reviews, which focused on the prevalence of integrated CVD-HIV care interventions and the models of integrations, this review targets the manner in which feasibility was assessed and reported in these interventions [5, 6] .
Only four studies were designed as feasibility (mixed-methods) studies [24, 33, 34, 35] . Multi-disease screening was the most featured feasible integrated intervention in this review. This reflects a preferred prioritization in LMICs for prevention and early detection of chronic conditions. Referral and linkage to care as an integrated CVD-HIV care intervention was the least incorporated action across the selected studies (n = 11). In addition, of the 20 feasible integrated CVD-HIV care studies, 90% were implemented at the meso-level of integration, where groups of people with similar disease conditions were targeted for the intervention.
The results of the current review suggest that we have amassed increasing quantity of qualitative and descriptive data on the integration of CVD and HIV care in LMICs. This, to a large extent, suggests that the concept and reporting of feasibility in the 20 studies reviewed Feasible integration of CVD and HIV care in LMICs: A scoping review intersected with the definitions and terminologies for feasibility as an implementation and evaluation outcome. The metrics used to capture feasibility in these studies also align with some recommended metrics from Proctor and colleagues (2011), the MRC, amongst others, for assessing feasibility in complex interventions [3, 4, 7, 8] . This study provides additional understanding of the different components as feasibility in reviewed studies was reported as i) Reduced stigma 10 2 1 Reference numbers [22] , [26] , [38] 2 Reference numbers [22] , [24] , [25] , [26] , [27] , [29] , [30] , [31] , [32] , [33] , [34] , [35] , [37] 3 Reference numbers [27] 4 Reference numbers [22] , [24] , [30] , [32] , [33] , [35] 5 Reference numbers [22] , [26] , [30] , [32] , [34] 6 Reference numbers [23] , [30] , [32] , [33] , [34] , [39] 7 Reference numbers [19] , [20] , [21] , [23] , [25] , [31] , [33] , [38] 8 Reference numbers [25] , [26] , [36] , [37] , [39] 9 Reference numbers [25] , [26] , [34] , [36] , [37] , [39] 10 Reference numbers [34] , [39] https://doi.org/10.1371/journal.pone.0212296.t004 [20] , [24] , [32] , [34] , [36] , [37] , [38] , [39] 13 Reference numbers [19] , [21] , [22] , [25] , [26] , [27] , [28] , [29] , [30] , [31] , [32] , [33] , [35] 14 Reference numbers [28] https://doi.org/10.1371/journal.pone.0212296.t005
Feasible integration of CVD and HIV care in LMICs: A scoping review 15 Reference number [28] 16 Reference numbers [21] , [22] , [24] [25] [26] [27] , [29] [30] [31] [32] [33] , [36] , [37] setting-specific viable intervention components, viable conditions under which intervention components work or would work better, (n = 17) [20, 21, 22, 23, 25, 26, 27, 28, 29, 30, 31, 33, 34, 35, 36, 37, 38] and ii) plans to move interventions into the scale-up phase or ongoing scaleup of interventions, due to proof of successful outcomes from pilot studies (n = 5) [19, 23, 24, 28, 32] . Although 80% (n = 16) of the studies reported and concluded that integrated CVD-HIV care interventions were feasible, the majority have no clear definitions of feasibility. This highlights the evident need for a consistent definition of feasibility in studies focused on assessing whether CVD and HIV care integration is viable. In addition to definitions, methodological rigor must be improved. Complex interventions such as those integrating CVD and HIV care are not easy to evaluate. We found limited use of tested feasibility metrics and methodology for assessing feasibility among researchers implementing integrated CVD-HIV care interventions in LMICs.
The use of a standard list of metrics for measuring feasibility would be an ideal means of promoting consistent methodology for assessing intervention feasibility [4, 7, 8] (See Table 7 ). Though there was an intersection between some recommended feasibility metrics from existing literature and the selected studies, there remain challenges in outlining a standard list of specific metrics that can accurately indicate EBI feasibility based on its definition as an implementation outcome [4, 7] .
There were only a few RCTs of integrated CVD-HIV care interventions in LMICs. Notably, complex interventions literature is shifting towards accepting, as evidence, non-RCT studies for interventions that cannot be pragmatically tested with RCT designs. Here, factors such as settings, resources, ethics, and urgency of intervention needs are prioritized over the goldstandard of research design [7] . Consequently, developing standard feasibility metrics will accommodate different research designs [7] . Overall, greater rigor is needed to provide the contextual information necessary to address the issues of case detection and referral among patients or across multiple sites tackling both CVD and HIV care. There is also a need for a change in methodological approaches. Although quantitative and qualitative data such as surveys, interviews, administrative reports are collected, the data represents a single time point. In order to collect data that will provide a better understanding on whether interventions are actually feasible, more longitudinal studies and longer periods of data collection are essential. This data would allow for a thorough feasibility assessment that facilitates moving an intervention forward for a full-scale evaluation and implementation, or going back to the design board to refine and improve certain intervention components [7] .
Promoting training programs, specifically to teach implementation science methodology will address the evident challenges in methodological rigor for assessing feasibility of EBIs to integrate CVD and HIV care. A recent systematic review that explored implementation science outcomes in integrated NCD and HIV interventions in SSA, recommended implementation science capacity building as a means to guide the integration of NCD and HIV services in SSA [42] . Capacity building was modeled after ongoing training initiatives and institutional partnerships and spearheaded by institutions such as the National Institutes of Health (NIH) and the WHO [42] .
At the national level, policymakers should accelerate the adoption of a policy tool, such as the WHO's NCD Multisectoral Action Plan (MAP) tool, which has a provision for the implementation, monitoring, and evaluation of NCD prevention and control initiatives. With the NCD MAP tool, research on integrated EBIs for CVD and HIV can better align with nationally recognized gaps and priorities [43] . The NCD MAP tool allows for population-wide information gathering and sharing. This is useful for anticipating implementation challenges for EBIs integrating CVD-HIV care.
To improve research practice around measuring implementation outcomes like feasibility in LMICs, there should be a platform for researchers to share evidence-based measures, and reach a consensus on best practices. One such model is the web-based collaborative initiative, Grid Enabled Measures (GEM)-a NIH Implementation Science practice tool [44] . With GEM, researchers share and rate implementation measures and harmonize data on the use of these measures [44] . The data reported in this scoping review seeks to inform the evaluation of the implementation process in efforts to integrate CVD and HIV care for those aiming to do so in LMICs. This could enhance efficiency in the implementation of EBIs in LMICs, despite the limited resources available to address NCDs and HIV comorbidity in these countries [45, 46] .
The breadth of this scoping review is wider than the most recent systematic and narrative reviews conducted on the integration of CVD-HIV services in LMICs [5, 6] . The scoping review concept and methodology allowed for a more conceptual investigation of terminologies and tone of data reporting, used by researchers to determine feasibility of integrated chronic disease care in LMICs [9] . With a scoping review approach, we presented a more comprehensive picture of feasibility assessment and reporting within implementation research in LMICs. A limitation of this review was that some selected studies were reported as conference abstracts with no published, full-length manuscripts to provide more context regarding the intervention [32, 35, 37] .
Conclusion
Several feasible interventions that integrated, multilevel CVD and HIV care were identified in this review. There is overwhelming evidence that assessment of feasibility was not conducted in a consistent fashion across studies, though all studies intersected, to varying degrees, with definitions and characterization of feasibility as an implementation or evaluation outcome. Selected studies used a reliable collection of additional metrics to inform on feasibility, besides recommended metrics. These metrics might inform the creation of a standard list of feasibility metrics, fitting for the implementation and evaluation landscape in LMICs. Most of the studies reported feasibility more for setting-specific purposes, at the evaluation and implementation stage of intervention development, but without a systematic method to measure feasibility. It is essential to adopt a rigorous and consistent methodology to report evidence of intervention feasibility, early in the implementation timeline, and prior to scaling up in LMICs. 
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